INTRODUCTION
============

Vitamin D is synthesized in humans following exposure to ultraviolet B radiation, or is obtained through food or supplementation. Vitamin D deficiency can therefore be caused by inadequate intake from diet or supplements or insufficient sun exposure. Vitamin D has a variety of roles within the human body, including regulation of calcium and phosphorus homeostasis. Vitamin D deficiency causes skeletal diseases such as rickets, and has been associated with cardiovascular and autoimmune diseases, malignancy, and mood disorders in the general public \[[@b1-kjim-2015-214]-[@b3-kjim-2015-214]\].

Vitamin D regulates diverse aspects of the immune system. Vitamin D receptors are located on many immune cells, including monocytes, macrophages, T and B lymphocytes, and dendritic cells. Several experimental studies have shown that vitamin D can enhance innate immune clearance of pathogens and promote proliferation and secretion of highly inflammatory interleukin-1 \[[@b4-kjim-2015-214],[@b5-kjim-2015-214]\]. Vitamin D deficiency has been associated with increased incidence of infectious disease, especially respiratory tract diseases, and infection-associated mortality in the general population \[[@b6-kjim-2015-214],[@b7-kjim-2015-214]\]. However, this has not been investigated specifically in kidney transplant recipients (KTRs).

Vitamin D deficiency is more common in patients with chronic kidney disease (CKD) and KTRs than the general population, and associated with increased mortality of CKD patients \[[@b8-kjim-2015-214]-[@b11-kjim-2015-214]\]. Studies reported that vitamin D deficiency in KTRs affects graft function and decreases the glomerular filtration rate (GFR) \[[@b12-kjim-2015-214],[@b13-kjim-2015-214]\]. Similar to the general population, vitamin D deficiency was linked to increased malignancy in KTRs \[[@b14-kjim-2015-214]\].

Few studies have been conducted to define any association between vitamin D levels and post-transplant infections in KTRs. Moreover, although evidence is lacking that bacterial infections increase the chances for graft loss and decrease GFR after kidney transplantation, bacterial infections can increase mortality risk \[[@b15-kjim-2015-214],[@b16-kjim-2015-214]\]. Therefore, investigation of risk factors that might increase the risk of bacterial infections in KTRs could be important issue. This study investigated the impact of vitamin D deficiency on the development of infections after kidney transplantation.

METHODS
=======

Study population
----------------

We retrospectively investigated the medical records of 174 patients who had undergone kidney transplantation at Kyungpook National University Hospital between January 2011 and December 2013. Among these KTRs, we enrolled 164 whose 25-hydroxyvitamin D (25(OH)D) levels were measured within 2 weeks prior to kidney transplantation. Most KTRs were received basiliximab (20 mg), as induction therapy, on day 0 and day 4 and were prescribed tacrolimus, mycophenolate mofetil, and prednisone as maintenance immunosuppression. The study was approved by the Institutional Review Board of the Kyungpook National University Hospital and was in accordance with the Helsinki Declaration. We did not obtain written consents from participants in this retrospective study because patient information was anonymized and de-identified prior to analysis. The Institutional Review Board of the Kyungpook National University Hospital ensured the anonymity of the data and approved this consent procedure.

Data collection and biochemistry
--------------------------------

Demographic and clinical data analyzed in this study included age, sex, body mass index (BMI), renal replacement therapy before kidney transplantation, etiologies of end-stage renal disease (ESRD), transplant type, donor age, cold ischemic time, and human leukocyte antigen (HLA) mismatch number. Laboratory data included hemoglobin levels, white blood cell count, blood urea nitrogen, creatinine, sodium, potassium, and blood glucose levels. The serum 25(OH)D concentrations were measured using a radioimmunoassay (DiaSorin, Stillwater, MN, USA). Although no consensus has been reached on optimal serum 25(OH)D concentration, vitamin D deficiency is defined as a 25(OH)D concentration \< 20 ng/mL (50 nmol/L) \[[@b17-kjim-2015-214],[@b18-kjim-2015-214]\]. This concentration was therefore used to define vitamin D deficiency in this study.

Follow-up and end points
------------------------

All KTRs were regularly examined at Kyungpook National University Hospital. All infections, hospitalizations events, graft function, and mortalities were recorded. The primary end point was development of any infection after kidney transplantation. The secondary end points were allograft failure or patient death after kidney transplantation.

Statistical analysis
--------------------

The results were expressed as mean ± SD or numbers (percentage). The KTRs were divided into two groups based on their pre-transplant serum 25(OH)D concentrations (\< 20 and ≥ 20 ng/mL). The baseline characteristics of each group were compared using the Mann-Whitney *U* test for continuous variables and the chi-square test for categorical variables. Independent factors that associated with any bacterial infection were extracted using multivariate Cox proportional hazards regression analysis, which was adjusted for presence or absence of vitamin D deficiency, patient's age, sex, pre-transplant BMI, ESRD etiologies, modality of renal replacement therapy prior to kidney transplantation, donor type, cold ischemic time, desensitization prior to kidney transplantation, and hemoglobin levels. Cumulative survival curves using the Kaplan-Meier method were utilized to obtain graph association between vitamin D deficiency and bacterial infections. A *p* \< 0.05 was considered statistically significant. All analyses were performed using statistical software SPSS version 19.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Baseline characteristics of patients
------------------------------------

A total of 164 KTRs were followed up for a mean of 24.8 ± 10.7 months. The mean concentration of serum 25(OH)D was 13.87 ± 8.39 ng/mL, and 135 KTRs (82.3%) had vitamin D deficiency. The demographics and clinical and biochemical data of enrolled patients divided by their pre-transplant serum 25(OH)D concentrations are presented in [Table 1](#t1-kjim-2015-214){ref-type="table"}. The mean concentrations of serum 25(OH)D in patients with and without vitamin D deficiency were 10.97 ± 4.69 and 27.34 ± 8.70 ng/mL, respectively. The mean ages of patients with and without vitamin D deficiency were 46.22 ± 12.26 and 48.21 ± 13.89 years, respectively. There were no significant differences between the two groups in age, sex, pre-transplant BMI, donor age, HLA mismatch number, modality of renal replacement therapy prior to kidney transplantation, laboratory results except serum 25(OH)D and hemoglobin level, and desensitization treatment before kidney transplantation. However, the etiologies of ESRD significantly differed between the two groups (*p* = 0.043). The most common cause of ESRD was glomerulonephritis (59.8% and 58.6%, respectively) and the proportion of diabetic nephropathy was significantly higher among patients with vitamin D deficiency. The donor type significantly differed between the two groups (*p* = 0.006). The proportion of living donors was significantly higher among patients with vitamin D deficiency. Cold ischemic time was significantly shorter among patients with vitamin D deficiency.

Frequencies and types of infections after kidney transplantation
----------------------------------------------------------------

Among 164 KTRs, 35 (21.3%) experienced bacterial infections. Urinary tract infection, which was defined as a urine culture containing more than 100,000 colony-forming units per mL with typical symptoms or signs, was the most common bacterial infection (19 KTRs, 11.5%), and bacterial pneumonia was the second most common (seven KTRs, 4.3%); other bacterial infections that occurred at lower rates included peritonitis, infective endocarditis, infectious colitis, otitis media, arteriovenous graft infection, cellulitis, sinusitis, perianal abscess, and wound infection. The frequency of urinary tract infections was significantly higher in patients with vitamin D deficiency (19/135, 14.1%) than in patients without vitamin D deficiency (0/29, 0%) (*p* = 0.027). In KTRs with vitamin D deficiency, 34 (25.2%) experienced bacterial infections compared with only one patient (3.4%) without vitamin D deficiency. The frequency of bacterial infections significantly differed between the two groups (*p* = 0.010) ([Table 2](#t2-kjim-2015-214){ref-type="table"}). Bacterial infection-free survival was significantly lower in patients with vitamin D deficiency than in patients without vitamin D deficiency, as depicted using Kaplan-Meier curves (*p* = 0.021) ([Fig. 1](#f1-kjim-2015-214){ref-type="fig"}). The occurrence of viral infections, such as cytomegalovirus and BK virus, did not significantly differ between the two groups ([Table 2](#t2-kjim-2015-214){ref-type="table"}).

Risk factors for the development of bacterial infections after kidney transplantation
-------------------------------------------------------------------------------------

We analyzed the risk factors for any bacterial infection after kidney transplantation. In univariate Cox regression analysis, serum 25(OH)D concentration less than 20 ng/mL (hazard ratio \[HR\], 7.38; 95% confidence interval \[CI\], 1.01 to 53.92; *p* = 0.049), female sex (HR, 2.58; 95% CI, 1.33 to 5.01; *p* = 0.005), and desensitization treatment prior to kidney transplantation (HR, 2.99; 95% CI, 1.39 to 5.99; *p* = 0.004) associated with the development of any bacterial infections after kidney transplantation. Patients' age, pre-transplant BMI, ESRD etiologies, modality of renal replacement therapy prior to kidney transplantation, donor type, cold ischemic time, and baseline hemoglobin were not associated with the development of bacterial infections. Multivariate Cox regression analysis, which included the variables that were significant in the univariate Cox regression analysis and the variables (pre-transplant BMI and donor type) that were significant in the previous studies \[[@b19-kjim-2015-214]\], revealed that serum 25(OH)D concentration less than 20 ng/mL (HR, 9.12; 95% CI, 1.24 to 66.92; *p* = 0.030) was independent risk factor for the development of bacterial infections after kidney transplantation. When all variables included in the multivariate Cox regression analysis, serum 25(OH) D concentration less than 20 ng/mL (HR, 11.07; 95% CI, 1.46 to 84.03; *p* = 0.020), desensitization treatment prior to kidney transplantation (HR, 3.17; 95% CI, 1.30 to 7.70; *p* = 0.011) and deceased donor (HR, 2.98; 95% CI, 1.01 to 8.84; *p* = 0.049) were independent risk factors for the development of bacterial infections after kidney transplantation ([Table 3](#t3-kjim-2015-214){ref-type="table"}).

Frequencies of rejection, allograft failure and patient death
-------------------------------------------------------------

Among 164 KTRs, eight patients (4.9%) were diagnosed biopsy-proven acute rejection and one restart dialysis (0.6%) due to allograft failure, and five (3.0%) died during follow-up period. The frequencies of biopsy-proven acute rejection, allograft failure and patient death did not significantly differ between the two groups. Serum creatinine concentration and estimated GFR calculated by the Modification of Diet in Renal Disease equation that had been measured at last follow-up did not differ between the two groups ([Table 4](#t4-kjim-2015-214){ref-type="table"}).

DISCUSSION
==========

This study determined the association between vitamin D deficiency and risk of bacterial infection after kidney transplantation. Vitamin D deficiency was common (82.3%) in KTRs who enrolled in our study, and the frequency of any bacterial infections was significantly higher in patients with vitamin D deficiency. Moreover, vitamin D deficiency was an independent risk factor for the development of any bacterial infection after kidney transplantation.

In previous studies, the prevalence of vitamin D deficiency among KTRs was reported as 38.7% to 61.5% \[[@b12-kjim-2015-214],[@b14-kjim-2015-214],[@b20-kjim-2015-214]-[@b22-kjim-2015-214]\]. However, because the definition of vitamin D deficiency varied among studies, the precise prevalence of vitamin D deficiency in KTRs is unclear. The United States Institute of Medicine defined vitamin D deficiency as serum 25(OH)D concentration \< 20 ng/mL, the same value utilized in the Endocrine Society Clinical Practice 2011 Guideline \[[@b23-kjim-2015-214]\]. This value has also been utilized to define vitamin D deficiency in recent studies \[[@b17-kjim-2015-214],[@b18-kjim-2015-214]\], so we also adopted this definition for our study. Utilizing this definition, 82.3% of the KTRs in our study had vitamin D deficiency, which was significantly higher than the incidence reported in previous studies. KTRs may have vitamin D deficiency due to decreased sunlight exposure resulting from reduced outdoor activity, increased vitamin D catabolism due to immunosuppressive treatment, and enhanced degradation of 25(OH) D caused by fibroblast growth factor 23 \[[@b24-kjim-2015-214]-[@b26-kjim-2015-214]\]. Previous studies reported that female sex, diabetes and peritoneal dialysis were associated with low serum vitamin D concentrations in patients with CKD \[[@b27-kjim-2015-214],[@b28-kjim-2015-214]\]. In our study, significantly more patients were diabetic nephropathy and more patients were female and on peritoneal dialysis as pre-transplantation treatment modality, although there were no statistically significant differences, in patients with vitamin D deficiency. Therefore, there may be a possibility that the high frequency of urinary tract infection in KTRs with vitamin D deficiency in our study is associated with the high proportion of diabetic nephropathy and female sex \[[@b29-kjim-2015-214]\], which are known risk factors of urinary tract infection, in KTRs with vitamin D deficiency. Nevertheless, multivariate Cox regression analysis revealed that vitamin D deficiency was independent risk factor for the posttransplant any bacterial infections including urinary tract infection after adjusting for variables including sex and the etiologies of ESRD.

Vitamin D plays various roles in multiple organ systems and important roles in regulating the immune system. Immune cells such as macrophages and monocytes contain antimicrobial proteins, including cathelicidin and β-defensin. Vitamin D promotes maturation of immune cells and production of these antimicrobial proteins \[[@b30-kjim-2015-214],[@b31-kjim-2015-214]\]. Hence, vitamin D deficiency may increase bacterial infections. However, there is little data describing the relationship between vitamin D deficiency and the development of bacterial infections in KTRs. Similar to our study, Kwon et al. \[[@b19-kjim-2015-214]\] recently reported that post-transplant urinary tract infections were more common in KTRs with pre-transplant vitamin D deficiency than in those without, and vitamin D deficiency was an independent risk factor for increased urinary tract infections after kidney transplantation. However, their study measured only serum 25(OH)D3 concentrations, while we measured total serum 25(OH)D \[25(OH)D2 + 25(OH)D3\]. Total 25(OH)D level has been established as a reliable biomarker for vitamin D status \[[@b17-kjim-2015-214]\]. Moreover, we investigated any bacterial infection including urinary tract infection and viral infections, and showed that vitamin D deficiency was an independent risk factor for the development of any bacterial infection after kidney transplantation.

Previous several studies revealed that vitamin D deficiency increases the incidence of graft dysfunction, allograft failure and patient death in KTRs \[[@b12-kjim-2015-214],[@b13-kjim-2015-214],[@b32-kjim-2015-214],[@b33-kjim-2015-214]\]. However, in our study, there were no significant differences in the frequencies of biopsy-proven acute rejection, allograft failure, and patient death between the two groups because of a small number of cases with relatively short-term follow-up duration after kidney transplantation. Further large scale studies with long-term follow-up duration will be needed to ascertain the impact of vitamin D deficiency on graft and patient survival.

There are several retrospective studies about vitamin D supplementation and graft outcome of KTRs. Researchers demonstrated that treatment with vitamin D decreases acute cellular rejection episodes and improves graft survival \[[@b34-kjim-2015-214]-[@b37-kjim-2015-214]\]. However, there are very few randomized controlled trials about treatment of KTRs with vitamin D supplements. Until now, there has been no study about vitamin D treatment and the development of infections in KTRs.

This study has several limitations. First, a small proportion of KTRs had serial serum 25(OH)D concentrations, so it was difficult to evaluate whether the change in vitamin D concentration had an effect on the development of bacterial infections after kidney transplantation. Second, comorbidities associated with bacterial infections were not evaluated in this study, such as chronic lung disease, inactivity, poor nutritional status, and urogenital abnormalities after kidney transplantation.

In conclusion, vitamin D deficiency was common in patients with ESRD prior to kidney transplantation and was a significant risk factor for post-transplant bacterial infections. Further studies will be needed to ascertain whether vitamin D supplementation will help prevent post-transplant bacterial infections in vitamin D deficient KTRs.

KEY MESSAGE
===========

1\. Patients with vitamin D deficiency had a significantly higher incidence of urinary tract infection and any bacterial infection compared to those without vitamin D deficiency.

2\. Pre-transplant vitamin D deficiency was a significant risk factor for bacterial infections after kidney transplantation.
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![Bacterial infection-free survival was significantly lower in patients with vitamin D deficiency than in patients without vitamin D deficiency as shown by the Kaplan-Meier curves (*p* = 0.021). 25(OH)D, 25-hydroxyvitamin D.](kjim-2015-214f1){#f1-kjim-2015-214}

###### 

Characteristics of patients grouped by serum vitamin D concentration

  Characteristic                        25(OH)D \< 20 ng/mL (n = 135)   25(OH)D ≥ 20 ng/mL (n =29)   *p* value
  ------------------------------------- ------------------------------- ---------------------------- -----------
  Demographic                                                                                        
   Age at transplantation, yr           46.22 ± 12.26                   48.21 ± 13.89                0.236
   Male sex (recipient)                 94 (69.6)                       22 (75.9)                    0.503
   Pre-transplant BMI, kg/m^2^          21.90 ± 3.20                    21.35 ± 3.38                 0.511
  Etiologies of ESRD                                                                                 0.043
   Diabetic nephropathy                 41 (30.4)                       5 (17.2)                     
   Hypertension                         5 (3.7)                         5 (17.2)                     
   Glomerulonephritis                   80 (59.3)                       17 (58.6)                    
   Other                                9 (6.7)                         2 (6.9)                      
  Renal replacement therapy before KT                                                                0.136
   HD                                   76 (56.3)                       23 (79.3)                    
   PD                                   20 (14.8)                       3 (10.3)                     
   HD + PD                              3 (2.2)                         0                            
   Preemptive KT                        36 (26.7)                       3 (10.3)                     
  Transplant type                                                                                    0.006
   Living donor                         80 (59.3)                       9 (31.0)                     
   Deceased donor                       55 (40.7)                       20 (69.0)                    
  Donor characteristics                                                                              
   Donor age, yr                        44.83 ± 14.47                   44.63 ± 16.19                0.523
   Cold ischemic time, min              159.26 ± 141.98                 211.21 ± 128.27              0.014
   Total HLA mismatch                   3.10 ± 1.64                     3.24 ± 1.62                  0.576
   HLA-DR mismatch                      1.07 ± 0.67                     1.00 ± 0.76                  0.652
  Laboratory results (pre-transplant)                                                                
   25(OH)D, ng/mL                       10.97 ± 4.69                    27.34 ± 8.70                 \< 0.001
   Hemoglobin, g/dL                     10.35 ± 1.68                    11.64 ± 1.36                 \< 0.001
   WBC, /μL                             6,966.51 ± 2,673.72             6,939.29 ± 2,451.27          0.843
   BUN, mg/dL                           57.39 ± 32.68                   47.55 ± 19.80                0.288
   Creatinine, mg/dL                    8.97 ± 4.32                     9.15 ± 3.14                  0.505
   Sodium, mmol/L                       137.26 ± 4.13                   138.20 ± 4.13                0.212
   Potassium, mmol/L                    4.70 ± 0.78                     4.81 ± 0.68                  0.529
   Blood sugar, mg/dL                   130.84 ± 84.93                  108.54 ± 28.92               0.334
  Desensitization                       22 (16.3)                       6 (20.7)                     0.589

Values are presented as mean ± SD or number (%).

25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; ESRD, end-stage renal disease; KT, kidney transplantation; HD, hemodialysis; PD, peritoneal dialysis; HLA, human leukocyte antigen; WBC, white blood cell; BUN, blood urea nitrogen.

###### 

Frequencies and types of infections after kidney transplantation

  Variable                                                                 25(OH)D \< 20 ng/mL (n = 135)   25(OH)D ≥ 20 ng/mL (n = 29)   *p* value
  ------------------------------------------------------------------------ ------------------------------- ----------------------------- -----------
  Urinary tract infection                                                  19 (14.1)                       0                             0.027
  Bacterial pneumonia                                                      6 (4.4)                         1 (3.4)                       1.000
  CMV infections                                                           16 (11.9)                       2 (6.9)                       0.743
  BK virus infections                                                      16 (11.9)                       3 (10.3)                      1.000
  Any bacterial infection^[a](#tfn1-kjim-2015-214){ref-type="table-fn"}^   34 (25.2)                       1 (3.4)                       0.010

Values are presented as number (%).

25(OH)D, 25-hydroxyvitamin D; CMV, cytomegalovirus.

Any bacterial infections include peritonitis, infective endocarditis, infectious colitis, otitis media, arteriovenous graft infection, cellulitis, sinusitis, perianal abscess, and wound infection.

###### 

Risk factors for the development of any bacterial infections after kidney transplantation

  Variable                              Unadjusted           Fully adjusted                         
  ------------------------------------- -------------------- ---------------- --------------------- -------
  25(OH)D \< 20 ng/mL                   7.38 (1.01--53.92)   0.049            11.07 (1.46--84.03)   0.020
  Age at transplant                     1.02 (0.99--1.05)    0.196            1.04 (0.997--1.08)    0.072
  Female sex                            2.58 (1.33--5.01)    0.005            1.94 (0.85--4.43)     0.115
  Pre-transplant BMI                    0.91 (0.82--1.02)    0.114            0.92 (0.79--1.07)     0.261
  Etiology of ESRD                                                                                  
   Diabetic nephropathy                 1.15 (0.55--2.38)    0.716            1.04 (0.45--2.40)     0.923
   Hypertension                         0.85 (0.20--3.66)    0.832            1.35 (0.28--6.50)     0.709
  Renal replacement therapy before KT   1.45 (0.60--3.50)    0.407            0.92 (0.30--2.77)     0.878
  Deceased donor                        1.88 (0.96--3.70)    0.068            2.98 (1.01--8.84)     0.049
  Cold ischemic time                    1.00 (1.00--1.01)    0.206            1.00 (0.996--1.002)   0.381
  Desensitization                       2.98 (1.39--5.99)    0.004            3.17 (1.30--7.70)     0.011
  Baseline hemoglobin                   1.12 (0.92--1.36)    0.269            1.04 (0.83--1.31)     0.722

HR, hazard ratio; CI, confidence interval; 25(OH)D, 25-hydroxyvitamin D; BMI, body mass index; ESRD, end-stage renal disease; KT, kidney transplantation.

###### 

Frequencies of biopsy proven acute rejection, allograft failure, patient death, and allograft function after kidney transplantation

  Variable                                                    25(OH)D \< 20 ng/mL (n = 135)   25(OH)D ≥ 20 ng/mL (n = 29)   *p* value
  ----------------------------------------------------------- ------------------------------- ----------------------------- -----------
  Biopsy proven acute rejection                               8 (5.9)                         1 (3.4)                       1.000
  Allograft failure                                           1 (0.7)                         0                             1.000
  Patient death                                               4 (3.0)                         1 (3.4)                       1.000
  Last creatinine, mg/dL                                      1.35 ± 0.89                     1.35 ± 0.54                   0.977
  Last eGFR, mL/min/1.73 m^2^ (calculated by MDRD equation)   62.64 ± 19.79                   60.18 ± 19.15                 0.538

Values are presented as number (%).

25(OH)D, 25-hydroxyvitamin D; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease.
